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SUMMARY  AND  CONCLUSIONS 
This  report  represents  a  water  management  plan  for  the  Tract  C-b  Oil  Shale 
project. 

According  to  present  estimates,  the  flow  rates  of  mine  water  expected  may  be 
adequate  for  satisfaction  of  any  water  depletion  over  the  life  of  the  project. 
However,  segregation  of  mine  water  from  process  water  will  be  assured.  Mine 
water  will  be  treated  to  reduce  flouride,  boron,  and  total  dissolved  solids. 

Defluoridation  can  be  achieved  using  activated  alumina.  Boron  removal,  if 
required,  can  be  provided  through  the  use  of  Amberlite  XE-243,  a  boron-specific 
ion  exchange  resin.  The  concentration  of  dissolved  total  solids  can  be  reduced 
by  demineral izing  part  of  the  mine  water  stream  and  blending  it  with  the 
remainder. 

Other  aqueous  streams  requiring  treatment  are  the  retort  process  water  and  the 
sour  water  condensate  from  the  retorting  off-gas.  Process  v/ater  will  be  fed  to 
a  Thermosludge  boiler  for  steam  generation,  while  sour  water  condensate  will  be 
used  as  feedwater  for  a  conventional  boiler,  after  degassing  and  possibly  removal 
of  any  excess  oil . 

Capital  and  operating  costs  for  the  process  units  required  are  presented.  Other 
treatment  options  are  also  considered. 

"Comprehensive"  and  "outline"  water  balances  for  the  project  are  presented. 
The  flow  rates  calculated  show  that  a  net  amount  of  water  is  produced  during 
retorting  operations,  but  is  subsequently  lost  as  stack  gas.  Other  consumptive 
uses  originate  from  surface  activities. 
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A  prospective  location  for  an  on-tract  storage  reservoir  providing  5000  acre 
feet  of  capacity  for  treated  mine  water  is  described.  An  estimate  of  construct- 
ion costs  is  also  included.  Geological  studies  will  confirm  the  feasibility 
of  on-tract  storage  of  large  amounts  of  water.  The  location  of  solar 
evaporation  ponds  for  impoundment  of  concentrated  residues  from  demineral izer 
regeneration  brine  and  Thermosludge  blowdown  have  been  tentatively  selected. 
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INTRODUCTION 

Sufficient  data  have  now  become  available  for  an  overall  consideration  of  a 
water  management  plan  for  the  C-b  Shale  Oil  Venture  Project.  The  following 
water  management  aspects  have  been  considered  in  this  report: 

Mine  Dewatering 

Augmentation  of  more  Senior  Vlater  Rights 

Water  Treatment  Alternatives 

Overall  Water  Balance 

Water  Storage  and  Impoundment  Sites 
The  following  sources  have  contributed  information  which  is  part  of  this 
report:  Ashland  Colorado,  Inc.;  Occidental  Oil  Shale,  Inc.  (Occidental); 
Davis,  Graham,  and  Stubbs  (D,G  &  S);  Energy  Consulting  Associates  (ECA); 
The  Ralph  M.  Parsons  Company  (Parsons);  Tipton  &  Kalmbach,  Inc.  (T  &  K) ; 
the  United  States  Geological  Survey  (USGS). 

MINE  DEWATERING 

The  mine  water  obtained  is  of  fairly  good  quality.  Typical  water  quality 
data  for  the  upper  and  lower  mine  aquifiers  are  shown  in  Table  1,  together 
with  USGS  water  quality  data  for  Piceance  Creek  above  Hunter  Creek.  This 
location  is  approximately  one  mile  downstream  from  the  main  entrance  to 
C-b  Tract. 

The  objectionable  constituents  are  fluoride,  boron,  and  possibly  high  total 
dissolved  solids.  Fluoride  is  present  in  amounts  ranging  up  to  20  mg/1 . 
Boron  has  been  found  in  amounts  ranging  from  0.1  to  10 mg/1  and  occasionally 
up  to  12  mg/1.  Total  dissolved  solids  fall  within  the  750-1000  mg/1  range 
in  the  zone  planned  for  mining. 
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Table  1  -  Typical  Water  Quality  Data,  Mine  Aquifers  and  Piceance  Creek 


— — 

Constituent 

Concentrat 

ion  (mg/litre  unl 

ess  noted) 

Piceance  Creek 

Upper  ** 

Lov/er  ** 

Above 

Aquifer 

Aquifer 

Hunter  Creek* 

Bicarbonate 

350  -  2100 

100  -  25000 

309  -  690 

Boron 

<.l  -  10 

.05  -  12 

0.13  -  0.47 

Calcium 

4-100 

2  -  28 

16-88 

Carbonate 

<1  -  75 

7  -  2000 

0  -  85 

1  Chloride 

2  -  49 

1  -  9800 

11  -  16 

Fluroide 

.3-20 

4  -  50 

.3  -  1.5 

Magnesium 

3-150 

1  -  10 

44  -  88 

Silica 

4  -  30 

2  -  40 

12-20 

Sodium 

44  -  1200 

200  -  2500 

97  -  200 

Sulfate 

<4  -  520 

<4  -  300 

170  -  390 

Total  Dissolved  Solids 

540  -  3100 

350  -  42000 

584  -  1090 

pH  (units) 

8.1  -  9.0 

8.4  -  9.1 

7.5  -  9.2 

*L.atest  published  USGS  data,  water  year  Oct.  1974  to  Oct.  1976,  Guaging  Station  09306061 
**Ranges  taken  from  Final  Baseline  Report,  Volume  2,  P.  315-328. 
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Process  water  (obtained  mixed  with  oil  from  retort  operations),  on  the  other 
hand,  contains  dissolved  organics  and  high  salt  concentrations,  and  its 
treatment  requires  special  procedures. 

Process  water  will  be  kept  separate  from  mine  water.  During  the  commercial 
stage,  drifts  being  continuously  built  in  the  vicinity  of  working  retorts 
will  provide  a  suitable  dewatering  area.  During  the  ancillary  development 
stage,  on  the  other  hand,  specific  dewatering  drifts  may  be  built  in  the 
proximity  of  the  first  groups  of  two  and  four  retorts  to  avoid  flooding  them 
and  contaminating  the  mine  water  with  process  water. 

Water  inflow  into  a  conventionally  sunk  shaft  will  be  controlled  by  grouting 
so  as  to  limit  the  amount  of  water  to  about  25  gpm.  This  water  will  be 
ponded  or  used  for  irrigation.  Water  inflow  into  the  drilled  shafts  will  be 
retained  in  the  shaft  during  drilling  operations. 

The  water  treatment  plant  and/or  injection  facilities  for  the  initial  retorts, 
will  be  designed,  procurred  and  constructed  in  order  to  handle  2500  gpm  by 
July  1,  1978.  This  will  allow  the  water  treatment  plant  and/or  injection 
facilities  to  be  ready  to  handle  water  that  will  need  to  be  pumped  from  the 
drilled  shaft. 

AUGMENTATION  OF  MORE  SENIOR  WATER  RIGHTS 

The  statutes  of  the  State  of  Colorado  and  recent  decisions  of  the  Colorado 
Supreme  Court  establish  the  obligation  of  replacing  diverted  water  if  this 
action  causes  a  depletion  of  the  water  sources  in  the  area.  According  to  a 
commonly  followed  interpretation,  however,  one  does  not  always  have  to  return 
all  the  water  withdrawn,  but  only  an  amount  of  water  sufficient  to  replenish 
the  actual  shortane  caused. 
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The  effect  of  dewatering  the  mine  is  expected  to  be  experienced  directly  in 
an  area  contained  within  a  circle  of  7  mile  radius  centered  in  the  middle  of 
Tract  C-b.  The  lowering  of  the  pieziometric  head  in  the  valley  bottom  may  also 
influence  groundwater  discharge  to  Piceance  Creek  within  a  10  mile  reach  with 
consequent  increase  of  salinity  in  the  lower  stream  flow,  which  is  of  poorer 
quality  due  mainly  to  irrigation  returns.  Springs  that  result  from  perched 
water  bodies  will  not  be  affected  by  dewatering. 

It  is  expected  that  present  flow  values  will  have  to  be  maintained  in  Piceance 
Creek  in  the  proximity  of  the  tract,  if  mine  dewatering  is  found  to  cause  a  de- 
crease. In  addition,  parties  presently  using  wells  in  the  area  will  have  to  be 
compensated  for  any  loss  of  water  that  may  occur. 

Stream  flow  depletion  has  been  estimated  to  range  from  0  to  4000  gpm  over  the 
60-year  life  of  the  mine.  The  average  annual  augmentation  requirement  is 
estimated  at  2500  gpm.  According  to  the  USGS  computer  model  of  the  Piceance 
Creek  Basin,  stream  depletion  due  to  dewatering  at  Tract  C-b  would  reach  2700  gpm 
after  30  years  of  operation. 

WATER  TREATMENT  ALTERNATIVES 

Mine  water  will  require  treatment  for  removal  of  fluoride,  boron,  and  to  reduce 
the  total  dissolved  solids.  Retort  process  water  also  requires  adequate  treat- 
ment and  disposition. 

It  is  expected  that  during  commercial  operation  the  water  requirements  for  the 
facility  will  be  satisfied  by  the  water  available  on  site.  Treatment,  however, 
is  required  for  almost  all  end  uses,  includinq  revegetation,  raw  shale  disposal, 
and  dust  control . 

Fluoride  will  be  removed  from  mine  water  using  activated  alumina,  which  is  the 
most  effective  reagent  in  the  concentration  ranne  considered.  Fluoride  is 
removed  by  ion  exchange  and  alumina  is  regenerated  by  contacting  with  caustic, 
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followed  by  neutralization  with  sulfuric  acid.  A  leading  supplier  of  de- 

flouridation  systems,  Pureflow  Corporation  (Oklahoma  City,  Oklahoma)  has  estimated 

the  following  package  costs  (including  a  building  to  house  the  units  and  heating 

to  prevent  freezing): 

Capacity  (gpm)       Capital  Cost  ($)     Operating  Cost/ 
_ 1000  Gallons 

4,000  1,000,000 

6,000  1,350,000 

8,000  1,700,000 

10,000  2,000,000 

The  Rohm  &  Haas  Company  (Philadelphia,  Pennsylvania)  manufactures  an  ion  exchange 
resin  (Amberlite  XE-243)  which  has  been  developed  specifically  for  boron  removal. 
The  resin  has  been  used  in  commercial  applications  in  California,  for  removal  of 
boron  from  irrigation  water.  The  resin  is  regenerated  with  caustic  and  sulfuric 
acid,  i.e.,  the  same  regeneration  procedure  could  be  applied  to  both  alumnia 
and  XE-243. 

According  to  the  Pureflow  Corporation,  a  layered  bed  system  is  feasible,  i.e., 
both  fluoride  and  boron  could  be  removed  using  the  same  mechanical  equipment. 
A  system  capable  of  removing  both  contaminants  would  cost  approximately  60% 
more  (capital  and  operating  costs)  than  for  fluoride  alone,  mainly  due  to  the 
high  cost  of  XE-243. 

It  is  possible  that  alumnia,  which  is  chemically  similiar  to  magnesia,  may  also 
remove  part  of  the  boron  present  in  the  mine  water.  Specific  information  on 
treatment  parameters  require  laboratory  tests  using  mine  water. 

Excess  dissolved  solids  can  be  removed  by  demineralization  using  a  dual  bed 
cationic/anionic  resin  ion  exchange  system.  The  following  approximate  costs 
for  a  demineralizing  system  (installed)  have  been  supplied  by  the  Philco- 
Degremont  Company  (Richmond,  Virginia): 
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Capacity  (gpm) 
1,000 
2,500 


Capital  Costs  ($) 
300,000 
600,000 


Operating  Cost/1000  Gallons 
0.29  t 
0.30  t 


The  demineral izer  produces  a  waste  stream  consisting  of  regeneration  brine. 
This  stream  will  be  concentrated  by  a  brine  evaporator,  with  the  residue  impounded 
in  a  20-acre  solar  evaporation  pond.  Approximate  costs  for  installed  brine 
evaporator  units  capable  of  removing  85%  of  the  water  from  a  10,000  mg/1  de- 
mineral  izer  brine  have  been  provided  by  the  Resources  Conservation  Company 
(Renton,  Washington)  as  follows: 


Capacity 

(gpm) 

Capital  Costs 

($) 

Operating  Cost/1000  Gallons 

40 

800,000 

$  1.90 

80 

1,200,000 

$  2.02 

140 

1,800,000 

$  2.04 

A  block  flow  diagram  of  the  mine  water  treatment  scheme  is  included  in  the 
diagrams  designated  "Outline  Water  Balance",  and  "Comprehensive  Mater  Balance". 

During  the  development  stage,  large  amounts  of  mine  water  may  be  produced,  while 
water  requirements  are  limited.  At  that  time,  reinjection  of  mine  water  could 
replace  treatment  and  discharge. 

Reinjection  would  create  a  depletion-enhancement  dipole  in  the  aquifer  system, 
and  therefore  reduce  or  eliminate  augmentation  needs. 

The  following  approximate  reinjection  costs  have  been  supplied  by  ECA  (see  also 
the  graphical  representation  in  Figure  1): 
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Capacity  (gpm) 

4,000 

6,000 

8,000 

10,000 


Capital  Costs  ($) 
2,300,000 
3,700,000 
4,400,000 
5,000,000 


Operating  Cost/1000  Gallons 
$  1.43 
$  1.27 
$  1.12 
$  1.24 


Costs  for  reinjection  and  treatment  were  not  prepared  on  a  comparable  basis. 

Two  additional  streams  will  receive  treatment:  one  is  the  sour  water  condensate, 
obtained  on  cooling  to  95-100°F  the  gas  product  stream;  the  other  is  the  retort 
process  water,  separated  from  the  shale  oil.  The  sour  water  condensate  can  be 
conveniently  utilized  as  feedwater  for  a  conventional  boiler,  following  stripping 
to  remove  hydrogen  sulfide  and  ammonia,  and  possibly  further  treatment  to  remove 
oil  and  other  organics. 

Retort  process  water  requires  a  special  treatment  system,  because  of  the  high 
salinity  and  the  organic  content.   The  treatment  selected,  consists  of  feeding 
the  process  water  to  an  unconventional  boiler,  heated  by  a  molten  salt  bath 
(the  Ameron  "Thermosludge"  process).  A  10%  blowdown  rate  will  be  required;  the 
brine  will  be  concentrated  in  a  multi-stage  brine  evaporator  prior  to  impoundment 
in  an  imprevious  solar  evaporation  pond  covering  approximately  10  acres. 

Currently  available  Thermosludge  units  can  handle  50  gpm  of  feedwater,  have  a 
six-month  delivery  time,  and  cost  (installed)  approximately  $350,000.  Double- 
size  units,  handling  100  gpm,  are  considered  for  development;  these  units  would 
be  supplied  at  $700,000  for  the  first  unit,  and  $600,000  for  subsequent  units, 
with  an  expected  development  time  (for  the  first  unit)  of  14  months.  The  estimated 
commercial  phase  flow  rate  (see  Water  Balance)  of  retort  process  water  is  420  gpm, 
and  would  require  nine  conventional  units,  for  a  total  cost  of  $3,150,000. 
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The  installed  cost  of  a  brine  evaporator  unit  capable  of  85%  concentration 
of  the  Thermosludge  boiler  blowdown  (40  gpm,  100,000  mg/1 )  has  been  estimated 
by  the  Resources  Conservation  Company  (Renton,  Washington)  at  $800,000;  the 
operating  costs  per  year   for  the  unit  have  been  estimated  at  $40,000. 

An  attractive  alternative  during  the  commercial  stage  may  involve  the  reinjection 
of  water  into  the  operating  retorts  in  place  of  steam.  The  water  could  be 
atomized  and  mixed  with  the  air  stream.  However,  this  concept  still  requires 
field  testing  prior  to  its  adoption. 

An  alternative,  under  consideration,  is  to  ship  process  water  by  pipeline  to 
Rangely,  together  with  oil.  The  water  would  be  separated  from  the  oil  at 
Rangely,  and  used  for  oil  field  flooding  and  thus  could  release  equivilent 
quantities  of  good  quality  water  presently  being  drawn  from  the  White  River 
to  a  more  beneficial  use. 

The  incremental  costs  of  transporting  the  water  with  the  oil  have  been  esti- 
mated using  the  following  parameters: 

Flow  rate  of  process  water  (including  boiler  blowdown):  440  gpm 

Flow  rate  of  oil:  57,000  bpd,  or  1662.5  gpm 

Distance  tract  C-b  -  Rangely:  60  miles 

Elevation  drop  from  tract  C-b  to  Rangely:  1500  ft 

Specific  gravity  of  oil:  0.9 

Average  viscosity  of  oil  (Saybolt  seconds  Universal,  100°F):  114 

Flow  temperature  in  buried  pipeline:  50°F 

Average  viscosity  of  oil  (Saybolt  seconds  Universal ,  50°F):  600 

Diameter  of  pipeline:  14  in. 

Under  these  conditions,  the  following  requirements  were  estimated: 
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Pumping  Pressure  (psi)'    Power  Consumption  (kw) 
Oil  Alone  750  900 

Two-Phase  Flow       1000  1400 

These  estimates  show  that  with  the  introduction  of  the  water  into  the  line 
would  increase  the  pumping  pressure  by  about  250  psi  and  the  power  consumption 
by  about  500  kw.  With  power  at  2<£/kwh  the  increase  in  operating  cost  would  be 
about  $80,000/year.  Because  of  the  higher  pressure,  and  also  because  the  two- 
phase  flow  line  would  have  to  be  installed  somewhat  deeper  to  ensure  against 
freezing  in  winter,  the  two-phase  line  is  estimated  to  be  about  $25,000/mile, 
or  $1,500,000  more  costly. 

Process  water  treatment  costs  by  pipeline  shipment  are  therefore  approximately 
one-half  the  costs  estimated  for  the  Thermosludge  treatment  option.  During  the 
development  stage,  prior  to  completion  of  the  pipeline,  two  50  gpm  Thermosludge 
units  will  still  be  required. 

During  initial  development,  while  the  first  retorts  are  being  constructed,  mine 
water  will  be  the  only  stream  requiring  treatment.  A  2500  gpm  treatment  system 
is  expected  to  afford  adequate  capacity  for  this  initial  stage. 

OVERALL  HATER  BALANCE 

The  "Comprehensive  Water  Balance"  block  flow  diagram  depicts  in  detail  the  source 
and  disposition  of  the  various  aqueous  streams.  The  "Outline  Water  Balance"  block 
flow  diagram  which  follows  it  summarizes  water  sources,  treatment  procedures,  and 
uses  contemplated,  andaffords  a  "first  glance"  picture  of  the  water  management 
plan.  Both  block  flow  diagrams  include  tables  which  detail  the  flow  volumes  for 
two  retorts,  four  retorts,  and  commercial  facility  for  both  retort  configurations. 
Stream  accounting  where  the  net  inflow  balances  the  net  outflow  is  presented 
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separately  for  the  "Comprehensive  Water  Balance"  and  jointly  with  the  flow 
rates  for  the  "Outline  Water  Balance".  Domestic  sewage  is  treated  by  a 
conventional  package  treatment  plant,  consisting  of  secondary  treatment, 
chlorination,  and  sludge  digestion,  with  the  effluent  used  for  revegetation 
and  dust  control . 

The  expected  range  of  mine  water  flow  is  estimated  along  with  volume  rates 
for  raw  shale  disposal,  dust  control,  and  revegetation.  Basic  parameters 
used  in  process  calculations,  are: 

Water  content  of  the  air  -  2%  by  volume. 

Feed  gas  composition  -  70%  air  on  dry  basis,  30%  steam  (by  volume). 

Product  gas  to  inlet  air  factor  -  143.5%  (dry  basis). 

Water  released  from  shale  retorting  -  3.4%  (by  weight  of  shale). 

Product  gas  water  content  -  25%  (by  volume). 

During  the  retort  process  only  a  minor  amount  of  water  is  consumed  by  the  water 
gas  reaction  (generation  of  hydrogen  and  carbon  monoxide  by  reaction  of  carbon 
with  steam);  a  net  amount  of  water  is  produced  during  retorting  (approximately 
600  gpm  for  the  commercial  operation).  Net  consumptive  use  ranges  up  to  1250  gpm 
in  the  commercial  operation  and  are  all  above  ground.  These  include  dust  control, 
revegetation,  general  facility,  construction,  sanitary  and  ventilation  exhaust 
(i.e.,  the  water  is  lost  to  the  atmosphere). 

As  shown  by  the  flow  values,  a  surplus  of  water  is  available  in  all  cases,  for 
use  to  augment  stream  flows  or  other  depletions.  However,  if  water  require- 
ments were  to  increase  during  the  life  of  the  mine  (for  example  due  to  dust 
control  and  revegetation  of  more  extensive  areas)  additional  augmentation 
water  will  be  imported  from  either  the  White  or  Colorado  Rivers. 

Stormwater  runoff  has  not  received  individual  consideration  in  the  water  balance. 
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It  is  expected  that  good  housekeeping  will  limit  the  amount  of  contaminated 
runoff  from  diked  sites  in  the  process  area  to  very   small  volumes  and  will 
be  treated  with  the  process  water. 

WATER  STORAGE  AND  IMPOUNDMENT  SITES 

A  sizable  water  storage  reservoir  for  treated  mine  water  is  desirable  because 
it  provides  flow  equalization  for  the  treatment  system,  flexibility  for  aug- 
mentation, emergency  supplies  of  water,  and  upset  conditions. 

A  storage  capacity  of  5000  acre  feet  (1.6  billion  gal)  is  considered  adequate. 
At  a  mine  water  flow  rate  of  10,000  gpm,  this  capacity  could  provide  storage 
for  112  days,  or  approximately  four  months. 

A  dam  site  located  at  the  north  end  of  Scandard  Gulch  (Figure  2)  was  considered 
appropriate.  This  site  provides  the  required  capacity  and  is  in  a  suitable 
location  with  respect  to  the  initial  retort  operations,  which  will  provide 
the  largest  discharge  volumes.  The  specific  site  will  be  confirmed  by  geo- 
technical  investigations. 

An  additional  consideration  for  this  site  is  the  drainage  area  (approximately 
5,400  acres),  estimated  to  yield  1100  acre  feet  (assuming  the  100  year  rain  is 
2.5"  of  water)  of  runoff.  A  capacity  increase  to  accommodate  this  additional 
amount  would  require  considerable  increase  in  the  dam  height.  An  attractive 
alternative  is  to  build  an  additional  dam  upstream  to  impound  storm  runoff. 

Estimated  construction  costs  for  the  water  storage  reservoir  and  the  runoff 
detention  basin  are  shown  in  Table  2.  A  typical  dam  section  showing  the  type 
of  materials  required  and  a  general  configuration  is  depicted  in  Figure  3. 
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Figure  2  also  indicates  the  location  of  the  mine  waste  area  and  of  the  solar 
evaporation  ponds.  The  concentrated  residue  from  demineral izer  operations  will 
be  impounded  in  the  solar  ponds  located  near  the  ancillary  area;  the  concentrated 
residue  from  the  Thermosludge  units  will  be  impounded  in  the  solar  ponds  approxi- 
mately 0.5  mile  north  of  the  process  area.  Both  ponds  will  be  shallow  (depth 
range  3-6  feet)  to  provide  a  large  evaporation  surface.  The  pond  area  (20  acres 
for  the  demineral izer  residue  and  10  acres  for  the  Thermosludge  residue)  provide 
a  six-month  storage  capacity  to  compensate  for  zero  evaporation  during  the  winter 
months. 

During  initial  development,  while  the  first  retorts  are  being  constructed,  any 
excess  water  will  be  stored  in  a  temporary  one-million  gal  plastic  lined  storage 
basin  located  in  Cottonwood  Gulch.  The  drill  mud  generated  will  be  impounded  in 
a.  half-acre  pond  located  in  proximity  of  the  mine  shafts  of  the  ancillary  area. 

A  pond  will  be  constructed  in  Cottonwood  Gulch  and  a  dam  in  Sorgham  Gulch 
to  contain  any  water  produced  during  early  shaft  sinking.  These  will  be 
covered  with  raw  shale  as  the  other  dams  in  Scandard  are  finished. 

Irrigation  of  range  land  on  tract  can  also  serve  as  additional  consumptive 
use  during  early  years  when  surplus  water  is  available. 
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Table  2  -  Dam  Construction  Costs  ($) 


Items 

Cost 

Construction  of  storage  reservoir 
($4/cu  yd;  volume:  2,394,100  cu  yd) 

Construction  of  runoff  basin  dam 
($4/cu  yd;  volume:   1,350,000  cu  yd) 

Flume  (8000  ft) 

24  in.  pipe  from  approximate  location  of  i/ater  treatment 
plant  to  discharge  point  at  NW  corner 

$  9,576,400 

5,400,000 

800,000 
45,000 

Total  expenditure,  present  worth 

$15,821,400 
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